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ABSTRACT

In recent years with the advent of high Q optical and mechanical micro-cavities, it has been possible to observe coupling between optical
radiation and the mechanical modes in moveable structures in fine detail. Light when confined within a resonator exerts radiation pressure
on the mechanical structure which gives rise to the effect of dynamic back-action. This leads to, among other things, parametric instability
and opto-mechanical back-action cooling. Recently the dynamic manifestations of radiation pressure forces on micro- and Nano-mechanical
objects have become an experimental reality. These observations have created a great deal of interest in exploiting these effects to study
fundamental properties of light and mechanical systems and research in this topic has grown quickly over the past few years to include areas
such as optical micro and nano-mechanical resonators, entanglement, generation of squeezed states of light, measurements at or beyond the
standard quantum limit, single photon non-linearities, and fundamental sources leading to decoherence. In this incubator meeting, we
examined the emerging areas referred to as cavity opto-mechanics and cavity quantum opto-mechanics with the goal of discussing the latest
advances which define the state of the art, and exploring the opportunities afforded by this new technology to better understand coupled
systems and the quantum phenomena encompassing both optical and mechanical systems.
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Scientific Progress

Technology Transfer

The format of the Cavity Optomechanics Incubator Meeting consisted of a series of two-hour long round tables discussions,
each opened by one invited 45-minute overview presentation that helped frame the discussion in a balanced way, followed by
brief, 3 slides presentation-long by interested participants and an open discussion

Topics discussed:

1. On-Chip Optomechanics: new ideas for classical and quantum information processing architectures (e.g. classical: optical
nonlinearities, optical memory; quantum: coherent light-matter interfaces, quantum memories, single-photon nonlinearities);
coupled systems such as arrays; manybody physics, etc.

Overview: Dr. Oskar Painter, Caltech

2. Multimode Phonon Physics: time dependent systems, phonon pulses, pulsed optomechanics; toward quantum acoustics,
etc.

Overview: Dr. Kurt Jacobs, Boston University

3. Coherent Light-Matter Interfaces: mechanical to optical, mechanical to spins, mechanical to matter-wave fields; BECs, ultra
cold atoms, hybrid systems, etc.

Overview: Dr. Olivier Arcizet, Grenoble

4. Tests of Fundamental Theories: fundamental sources of decoherence, predictions of quantum gravity. What can large
masses do for you? Is it useful to have Planck mass objects operating in the quantum regime? What can large accelerations do
for you?

Overview: Dr. Oriol Romero-Isart, Max-Planck Institute for Quantum Optics, Garching

5. Theoretical Challenges and New Directions: new types of couplings, nonlinear effects, single phonon physics, quantum
control, nonclassical states, etc.

Overview: Dr. Aash Clerk, McGill University, Montreal

6. Experimental Challenges and New Directions: new systems, larger systems, graphene, mechanical nonlinearities, etc.
Overview: Dr. Tobias Kippenberg, EPFL Lausanne

7. Mechanical Sensing/Metrology in the Quantum Regime: what are the prospects?

Overview: Dr. Keith Schwab, Caltech
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Background

The Optical Society of America is a scientific society of over 18,500 members with an executive office in
Washington, D.C. The Society is dedicated to increasing and diffusing the knowledge of optics in all its
branches, pure and applied. The membership consists primarily of physicists, engineers, and other
physical and biological scientists.

The Society sponsors topical meetings on subjects in which many rapid advances are taking place so that
contributors to the field may interchange ideas to their mutual benefit. The format of such meetings
usually consists of invited and contributed papers. Contributed papers are reviewed. Summaries of
papers as submitted by authors are collected and published. Publications are provided to participants and
are also available to others interested in the meeting subject. These topical meetings have provided much
stimulus in research areas such as: integrated optics, optical fiber communication, optical storage of
digital data, atmospheric transmission, reconstruction from projections, image processing, and picosecond
phenomena.




Technical Scope

In recent years with the advent of high Q optical and mechanical micro-cavities, it has been
possible to observe coupling between optical radiation and the mechanical modes in moveable
structures in fine detail. Light when confined within a resonator exerts radiation pressure on the
mechanical structure which gives rise to the effect of dynamic back-action. This leads to, among
other things, parametric instability and opto-mechanical back-action cooling. Recently the dynamic
manifestations of radiation pressure forces on micro- and Nano-mechanical objects have become
an experimental reality. These observations have created a great deal of interest in exploiting these
effects to study fundamental properties of light and mechanical systems and research in this topic
has grown quickly over the past few years to include areas such as optical micro and nano-
mechanical resonators, entanglement, generation of squeezed states of light, measurements at or
beyond the standard quantum limit, single photon non-linearities, and fundamental sources leading
to decoherence. In this incubator meeting, we will examine the emerging areas referred to as cavity
opto-mechanics and cavity quantum opto-mechanics with the goal of discussing the latest advances
which define the state of the art, and exploring the opportunities afforded by this new technology
to better understand coupled systems and the quantum phenomena encompassing both optical and
mechanical systems.

The format of the Cavity Optomechanics Incubator Meeting consisted of a series of two-hour
long round tables discussions, each opened by one invited 45-minute overview presentation that
will help frame the discussion in a balanced way, followed by brief slide presentations by
interested participants and an open discussion

Topics discussed:

1. On-Chip Optomechanics: new ideas for classical and quantum information processing
architectures (e.g. classical: optical nonlinearities, optical memory; quantum: coherent
light-matter interfaces, quantum memories, single-photon nonlinearities); coupled systems
such as arrays; manybody physics, etc.

Overview: Dr. Oskar Painter, Caltech

2. Multimode Phonon Physics: time dependent systems, phonon pulses, pulsed
optomechanics; toward quantum acoustics, etc.
Overview: Dr. Kurt Jacobs, Boston University

3. Coherent Light-Matter Interfaces: mechanical to optical, mechanical to spins,
mechanical to matter-wave fields; BECs, ultra cold atoms, hybrid systems, etc.
Overview: Dr. Olivier Arcizet, Grenoble

4. Tests of Fundamental Theories: fundamental sources of decoherence, predictions of
guantum gravity. What can large masses do for you? Is it useful to have Planck mass
objects operating in the quantum regime? What can large accelerations do for you?
Overview: Dr. Oriol Romero-Isart, Max-Planck Institute for Quantum Optics, Garching



5. Theoretical Challenges and New Directions: new types of couplings, nonlinear effects,
single phonon physics, quantum control, nonclassical states, etc.
Overview: Dr. Aash Clerk, McGill University, Montreal

6. Experimental Challenges and New Directions: new systems, larger systems, graphene,
mechanical nonlinearities, etc.
Overview: Dr. Tobias Kippenberg, EPFL Lausanne

7. Mechanical Sensing/Metrology in the Quantum Regime: what are the prospects?

Overview: Dr. Keith Schwab, Caltech

Meeting Organization

This incubator meeting is sponsored by the Optical Society of America.

The organization of the technical and scientific program led by meeting hosts:

Markus Aspelmeyer, University of Vienna, Austria
Pierre Meystre, University of Arizona, USA
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